2) If the discharge rates are not stable, how are rate changes related to the pattern of discharges, i.e., how are they reflected in the poststimulus time histogram?
METHODS

Subjects and surgical procedures
The subjects were 14 cats (3.0-5.0 kg) free of middle ear infection.
Initial anesthesia was produced with an intravenous injection of sodium thiamylal (Surital) and subsequent injections of this short-lasting barbiturate maintained a surgical level of anesthesia for approximately 1 hr. An endotracheal tube, coated with a long-lasting local anesthetic (Zyljectin), was inserted under laryngoscopic control and 0.4 mg of atropine methyl sulfate was injected subcutaneously to prevent respiratory congestion. In five animals both tympanic membranes were punctured with an 0.125-mm-diameter wire, and in another the bullae were exposed and opened using a dental drill. The purpose of these procedures was to prevent a change in pressure within the middle ear which could alter acoustic transmission (21, 26) . Results from these animals did not differ from animals which did not undergo these procedures. The animal was mounted in a stereotaxic instrument with blunt, hollow ear bars which did not 
Data analysis
During acoustic stimulation, both synch pulses and unit discharge timing pulses were led to a LAB-S computer.
The synch pulses were coincident with occurrence of the pulse which produced clicks or at a fixed phase-of a stimulus cycle during AMWN stimulation. The times of occurrence of both the synch pulses and spik e discharges were recorded by the computer with a resolution of 100 psec. For purposes of later analysis the data was gathered on-line in a series of 128 consecutive stimuli, a "block." After each block had been gathered, the data were transferred to digital tape, which required 30-60 sec. Discharges occurring during the transfer were not recorded although acoustic stimulation continued.
A minimum of 4 blocks of data were recorded for each unit; usually 8 blocks, and in a few instances up to 32 blocks, were recorded. These data were subjected to analyses off-line as described in the RESULTS section.
Histology a
At the completion of an experim .ent, the nima .l wa .s sacrificed with an overdose of anesthetic and perfused with formal-saline. The brain was cut in 50-p sections on a freezing microtome.
Sections were stained with cresyl violet and those containing electrode tracks were traced at a magnification of 20 times for identification of recording sites. (decrease in discharge rate). In most cases the initial trough was followed by a prominent peak in the PSTH (e.g., Fig. 3A ), but in a few instances there was an inhibition onlv. The shape of the remainder of the PSTH was no; obviously correlated with the occurrence of an initial peak or trough. Second, neuronal discharges showed little tendency for the lO/sec rhythmic activity seen in the click-evoked potentials and PSTHs of both single (1) and multiple-unit activity in the barbiturate-anesthetized preparation. In only one unit's discharge pattern was a periodic afterdischarge clearly evident and a suggestion of limited repetitive afterdischarge was seen in three others. The PSTH of 25 of the remaining 49 units showed a long-latency peak approximately 100 msec following the stimulus, but there was no tendency for repetitive afterdischarge.
RESULTS
Physiological
The response to amplitude-modulated white noise (AMWN) cannot be described simply. In 7/ 19 units the PSTH approximated the amplitude envelope of the stimulus (Fig. 4~2) . Discharges from the remain ing 12/19 units exhibited more complex responses (e.g., Fig. 5~2 ). 
Stability of discharge rate
The procedure and rationale for determining discharge rate stability have been given in greater detail in a previous paper and will be described only briefly. A 5-to 40-min sample of the discharge was collected during acoustic stimulation. This sample was usually divided into approximately 6%set increments (a block), during which time 128 stimuli were presented. The number of discharges occurring in each stimulus cycle (i.e., between two successive synch pulses) was tabulated. A display of the number of discharges per stimulus cycle as a function of time constitutes the "serial spike counts histogram" (SCH); examples of SCHs are provided in Figs. 2%5B and these will be discussed below. A visual analysis of the SCH yields some information regarding discharge rate stability, but a more objective evaluation is mandatory.
One method of determining whether significant changes in rate have occurred is to subject the spike counts data to an analysis of variance. A parametric analysis of variance test (F test) requires that the distribution of spike counts be normal (5). We have previously investigated the distributions of spike counts, and have found them to be normal only rarely (8, 23). The same results obtained in the present experiment. There- The finding that the discharge rate of MGB units changed over time led us to inquire into the relationship between rate and the click-evoked discharge pattern, i.e., the poststimulus time histogram (PSTH). S ince both the discharge rate and PSTH are computed from the same spike train for each unit, changes in dis- charge rate must be reflected as some change count, blocks with the highest and lowest in the PSTH. The PSTH is simply a dis-counts were selected and are called the highplay of the temporal distribution of the rate discharge rate (HDR) and low-discharge over the stimulus cycle interval. In this rate (LDR) portions of the spike train. As study PSTHs have been normalized to ease the discharge rates of these units showed comparison; their ordinates are spikes per significant changes, statistically these highbin per stimulus cycle (S/B/C) instead of est and lowest rate portions of the spike simply spike counts. Thus changes in dis-train were also significantly different. From charge rate will be reflected in the PSTH these spike train segments two PSTHs were as changes in S/B/C, which is referred to constructed, one from the HDR segment as AS/B/C. and the other from the LDR segment. To How is the change in discharge rate dis-evaluate how the change in discharge rate tributed throughout the PSTH; is it distrib-was distributed throughout the PSTH, the uted randomly or nonrandomly to eacll bin difference histogram was computed by subof the PSTH? To answer this question, the tracting the number of spikes in bins of the number of spikes in each block of the spike LDR histogram from the number of spikes train was counted. On the basis of this in the corresponding bins of the HDR histogram. For example, if the additional spikes occurring during the HDR portion of the spike train were distributed randomly to the PSTH, then each bin of the difference histogram (HDR PSTH minus LDR PSTH) would vary randomly about the mean AS/B/C. On the other hand, a nonrandom distribution would be revealed as a difference histogram having definite peaks and troughs. Figure 2 shows such an analysis of data from unit F800. The PSTH constructed from eight blocks of data is shown in Fig.  24 ; it consists of two initial peaks, labeled 4 and 3, respectively, followed by a period of reduced discharge, after which a maintained level of discharge occurs, 2. The SCH for the total spike train from which the PSTH was constructed is given in Fig. 2B . It reveals that discharge rate varied over time; in particular, the rate was lower during the first two data blocks (LDR) than the following two blocks (HDR). Separate SCHs were also computed for restricted portions of the PSTH, specifically for the initial peaks, 4 and 3, and the maintained discharge, 2. These are displayed in Fig. 2B and denoted by numerals corresponding to their respective portions of the PSTH. These SCHs suggest that the spike discharges added during the HDR part of the total spike train were allocated to the maintained level (Fig. 2B, 2) and also to the initial peak (Fig. 2B, 4) . A small increment is also seen for the second peak (Fig. 2B, 3) .
This method of display provides a resume of the results which is somewhat difficult to analyze visually. The difference histogram is easier to interpret. PSTHs from the HDR and LDR parts of the spike train are displayed in Fig. 2C , as is their difference histogram (HDR -LDR). The difference histogram is easier to interpret. PSTHs from the HDR and LDR parts of the spike train are displayed in Fig. 2C , as is their difference histogram (HDR -LDR). The difference histogram shows clearly that the change in overall rate is not randomly distributed to each bin in the PSTH. Rather, the AS/B/C is related to the absolute value of S/B/C for each bin in the total histogram (Fig. 2) . That is, bins of the total PSTH having the largest S/B/C values generally receive a greater proportion of additional spikes occurring during the HDR portion of the spike train than bins having the smallest S/B/C values.
This type of analysis was computed for 31 units which showed significant changes in DR and in only 6 units did AS/B/C appear to be distributed randomly to each bin of the PSTH. In all others (25/31), the change in rate appeared to be distributed nonrandomly. In 14/25 units, the AS/B/C values for bins in the difference PSTH were generally large for large S/B/C values and small for small S/B/C values, as was the case for unit F800 whose data are illustrated in Fig. 2 .
In another 11/25 units, however, the relationship between AS/B/C and S/B/C was more complex. In Fig. 3 , high (H) and low (L) discharge rate segments of the record are shown in the SCHs, and the PSTHs corresponding to these portions of the record are shown in section C of the same figure. In this example the correspondence between the S/B/C and AS/B/C is much less clear than in Fig. 2 . The AS/B/C values for the first peak (which has the largest S/B/C values) are no larger than those for the background (the "flat" part of the PSTH), which has much lower S/B/C values than the first peak. However, the trough following the first peak, which has the lowest S/B/C values in the PSTH also, has low S/B/C values in the difference histogram. Thus, while the relationship between S/B/C and AS/B/C values is not as clear as in the group of units described above, it is not random and in fact does show a tendency for AS/B/C to increase as S/B/C increases. Thus, the analysis of unitary responses to click stimulation suggests that AS/B/C and S/B/C exhibit a positive correlation for most units. Although the difference histogram technique using click PSTHs indicates a positive correlation between AS/B/C and S/B/C, a more powerful method of statistically evaluating these results is desirable. Click stimuli produce only short-duration changes in the PSTH, resulting in only a few high and low S/B/C values, while the majority of S/B/C values is unaffected by the stimulus. In order to perform a statistical analysis, a greater Fig. 4 . The PSTH of unit J200 roughly approximates the envelope of the stimulus (Fig. 4A) . The SCH was comprised of eight blocks of which the first and last were selected as those exhibiting the lowest and highest discharge rates, respectively (Fig. 4B) . (Although the SCH shows recurrent peaks indicating episodes of high discharge rate, alternating with periods of lower rate, the unit discharge was not characterized by bursting.) The PSTHs constructed from the high-and low-rate blocks both resemble the total PSTH, but the difference histogram (H -L) reveals that additional high-rate spikes were not randomly distributed.
Although the variance within this histogram is still appreciable, the relationship between the AS/B/C and S/B/C can be determined more easily tha.n for click stimulation.
AS values. An example of this finding is illustrated by Fig. 5 . The PSTH approximated the stimulus envelope but the unit discharged less during the decreasing than the increasing phase of amplitude modulation (Fig. 5A) . The SCH shows rather moderate changes in discharge rate with the exception of one block labeled "Hy" in which the rate was several times that of most other stimulus blocks (Fig. 5B) . PSTHs constructed from high (H) and low (L) discharge rate (DR) blocks are displayed in Fig. 5C 
